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TheHerringRiver (segment MA9&22) will be listed ina future MA
Integrated List of Wateras impaired for aquatic life (loss of eelgrass
habitat). TheHerringRiver estuarine systemvas foundo beimpairedfor
nutrientsduring the MEP studyThe segment is also impaired for fecal
coliform and is listed in category 4a (TMDL completed) of the 2012 List
of Waters.
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Executive Summary
Problem Statement

Excessive nitrogen (N) originating from a range of sources has added to the impairment of the
environmental quality of thElerringRiver estuarine systerin the Herring River estuary the

most significant impairment is loss of eelgrass habitat in the lbel@mreachln general,

excessive N is indicated by:

Undesirable increases in macro algae

Periodic extreme decreases in dissolved oxygen concentrations that threaten
aquatic life

1 Reductions in the diversity of benthic animal populations

1 Significant bss of eelgrass habitat

1 Periodic algae blooms

1
1

With proper management of N inputs these trends can be reversed. Without proper management
more severe problems might develop, including:

1 Periodic fish kills

1 Unpleasant odors and scum

1 Benthic communitieseduced to the most stretgderant species, or in the worst
casesnear loss of the benthic animal communities

Coastal communities rely on clean, productive and aesthetically pleasing marine and estuarine
waters for tourism, recreational swimming, figipand boating, as well as for commercial fin

fishing and shellfishingFailure to reduce and control N loadings could result in an
overabundance of macadgae, a higher frequency ettreme decreases in dissolved oxygen
concentrations anfish kills, widespread occurrence of unpleasant odors and visible scum, and a
complete loss of benthic macroinvertebrates throughout most of the embayments. As a result of
these environmental impacts, commercial and recreational usesHdritieg River estuarine
sydgemwill be greatly reduced.

Sources of Nitrogen

Nitrogen enters the waters of coastal embayments from the following sources:
1 The watershed

A Natural background

Septicsystems

Stormwaterunoff from impervious srfaces

Fertilizers

Agricultural activities

Landfills

Wastewater treatment facilities

1 Atmospheric depositign

1 Nutrientrich bottom sediments in the embayments

> > D> >



Figures ES-A andESB illustrate the percent contribution of all the sourcegnaittenuatel
and the controllablanattenuate® sourceso theHerring Riverestuary system, respectfully.
Values are based on Table-B/and Figure IV5 from the Massachusetts Estuaries Project
(MEP) HerringRiver Embayment Systeechnical ReportAs evident, most of the present
controllableload to this system comes from septic systems

Figure ES-A: Percent Contributions of All Nitrogen Sources to theHerring River
Estuarine System
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Figure ES-B: Percent Contributions of Controllable Nitrogen Sources to theHerring River
Estuarine System
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Target Threshold N Concentrations and Loadings

TheHerringRiver estuary lies mtirely within the Town oHarwichon Cape Cod,
Massachusetts.HE watershed dhis g/stemis predominately irHarwichbutavery small
portionisin the Town of Dennis and the northern portion of the watershed is in BreWsger.
total N loading (the quantity of N) to &systemfrom the entire watershad approximately63
kg N/day The resultantvater columrconcentrations of N ranged from4@5-0.968mg/L
throughouthe entire systerfrange of annual means collected fréstations during 2032011
as reported in Table V1 of the MEP Technical Report, and inclugesthppendix A of this
report).

In order to restore and protect this estuasysem, N loadings, and subsequently the
concentrations of N in the water, must be reduced to levels below those that cause the observed
environmental impacts. This N concentration will be referred to astget threshold N
concentration The Massachusis Estuaries Project (MEP) has determined that by achieving a
total N concentratiorof 0.48 mg/L atsentinel statiotHAR-7 in themiddle of the lower reach of
theHerringRiver (see Figure 5), water and habitat quality will be restored in these systems. The
mechanism for achieving the target threshold N concentration is to reduce the N loadings to the
watershed of the estuarine system. Based on the MEP sampling and modeyisgsaanad their
Technical Report, the MEP study has determinedtkteal otal Maximum Daily LoadgTMDL)

of N that will meet the target threshold N concentration d8 thd/L is 50.5kg N/day To meet

the TMDL this reporsuggest thata 23. 6 reduction ofthe totalwatersheditrogen load for the
entire system will be required

This document presents the TMPdr the Herring River estuarinesystemandsuggestpossible
optiors to the watershed towren howto reduce the N loadings teetthe recommended
TMDL and protect the waters ofithembayment system

Implementation

The primary goal of TMDL implementation will be lowering the concentrations of N by
targetingloadings from orsite subsurface wastewater dispdsaptic)systems The MEP
Technical Report for thelerring River estuarinesystem indicated thdty reducing septic loads
by 100% in the Upper Herring River subwatershed &09d% in the Lothrop Roa&tream
subwatershethe target thresholds can be metowever, therenay be otherloading reduction
scenarios that could achieve the target threshold N concentratloese options would require
additional modeling to verify their effectiveness.

Local officials can explore other loading reduction scenarios through additredeling as part

of their omprehensive Wastewater Management RRNMP). Implementing best

management practices (BMPs) to reduce N loadings from fertilizers and runoff where possible

will also help to lower the total N load to tegstem Methods br reducing N loadings from
thesesourcesr e expl ained in detail i n the AMEP Emba
| mpl ement at iwbighis 8ailabée bretlgeiMassDEP website
http://www.mass.gov/eea/agencies/massdep/water/watersheds/cesstatesand

estuaries.html The appropriateness of any of the alternatives will depend on local conditions



http://www.mass.gov/eea/agencies/massdep/water/watersheds/coastal-resources-and-estuaries.html
http://www.mass.gov/eea/agencies/massdep/water/watersheds/coastal-resources-and-estuaries.html

and will have to be determined on a chgecase basis using an adaptive management approach.
This adaptive management approach will incorporate the priorities and concepts included in the
updated area wide management plan established under Clean Water Act Section 208.

Finally, growth within the esmmunities oHarwich Dennisand Brewstethatwould exacerbate

the problems associated with N loadings should be guided by considerations of water quality
associated impacts.

Vi
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Introduction

Section 303(d) of the Federal Clean Water Act requires each Btateidentify waters that are

not meeting water quality standards and (2) to establish Total Maximum Daily Loads (TMDLS)
for such waters for the pollutants of concern. The TMDL allocation establishes the maximum
loadings ofthesepollutants of concerrtiaking into consideratioall contributing sourcet® that
water bodywhile alowing the system tmeet and maintain its water quality standards and
designated uses, including compliance with numeric and narrative standards. The TMDL
development processay be described in four steps, as follows:

1. Determination and documentation of whether or not a water body is presently meeting its
water quality standards and designated uses.

2. Assessment of present water quality conditions in the water inotlyding estimation of
present loadings of pollutants of concern from both point soudesse(nible confined, and
concrete sources such as pipes) andpwnt sources (diffuse sources that carry pollutants to
surface waters through runoff or grounderat

3. Determination of thassimilativeloading capacity of the water body. EPA regulations
define the loading capacity as the greatest amoumitaentloading that a water body can
receive without violating water quality standards. If the watelyl® not presently meeting

its designated uses, then the loading capacity will represent a reduction relative to present
loadings.

4. Specification of load allocations, based on the loading capacity determination,-for non
point sources and point sourdlat will ensure that the water body will not violate water
guality standards.

After public comment and final approval by the EPA, the TMDL will serve as a guide for future
implementation activities. The MassDEP will work with thatershedowns of Harwich,

Brewster andennisto develop specific implementation strategies to reduce N loadings, and
will assist in developing a monitoring plan for assessing the success of the nutrient reduction
strategies.

In theHerring River estuarine gstemthe polluaint of concern for these TMDLs (based on
documentatiomf eutrophication) is the nutrient nitrogen. Nitrogen is the limiting nutrient in
coastal and marine waters, which means that as its conceninatieass sodoesthe amount of
plant matter. This leads to nuisance populations of magae and increased concentrations of
phytoplankton and epiphyton which impairs the healthy ecology of the affected water bodies.

The TMDLsfor total N for theHerringRiver estuarie systemare based primarily on data
collected, compiled and analyzed by Universit
Science and Technology (SMAST) Coastal Systems Program atawhef Harwich Water

Quality Monitoring Progranas part of théMlassachusetts Estuaries Project (MEP). The data

were collected over a study periivsdm 200l through 201, a periodwhichwill be referred to as

the Apresent conditionso in the TMDL report s



The accompanymmMEP Technical Report can be found at
http://www.oceanscience.net/estuaries/reports.fitne MEP Technical Report presents the

results of the analyses of the coastal embayment systemshusikigP Linked Watershed
Embayment N Management Model (Linked Model). The analyses were performed to assist the
watershed community witmakingdecisions on current and future wastewater planning, wetland
restoration, anadromous fish runs, shellfishenpgnspace and harbor maintenance programs.

A critical element of this approaeirethe assessmeswf water quality monitoring data,

historical changes in eelgrass distribution, tisegies water column oxygen measurements and
benthic community structutbatwereconducted on this embayment. These assessments served
as the basis for generatingagal N loading threshold for use as a goal for watershed N
management. The TMDLs are based on the site spaaifildN threshold generated for this
estuarinesystem. Thus, the MEP offers a sciebesed management approach to support the
wastewater management planning and decisiaking procesfor the watershed commuigs

of Harwich,Brewsterand Dennis.

Description of Water Bodies and Priority Ranking

TheHerringRiver system is locatedithin the Towrs of Harwich, Brewster anB®ennis on Cape
Cod. The estuary itself is entirely contained within Harwich but the watershiée system
extends into Brewstemda small portion of Denni@-igure 1) The MEP Technical Report
describes the system as follows:

The Herring Rivesystem is comprised of a main tidaler channel, a west branch theattends

up to a marmade freshwater reservoir and an east branch that extends up into teismiadl

brackish marshThese twanoderately sizedtreams discharge only a fractiontloé aquifer

recharge to the estuary, the rest esfierm groundwater flow or diregrecipitation onto the

marsh surfacelhis large tidal marsh system situated on the soustesre of Cape Cod receives

tidal flood water from Nantucket Sound through a single tidal inlet (Figjurehe inlet is 100

feet wide and has been stabilized by a pair of jetties and is bounded by beach to both the east and
west.

Theembayment is salt marsh in the lower and mid reaches and aloagnajor tidal creeks and
graduallychanges to brackish to predominantly freshwater marsh on the marsh pienpper
regions. Although the Herring Rivesystem functions primarily as a tidal wetlarts lower

reach close to the inlet is a tidal river with limited wetland vegetation (fromtoRbute28

bridge) In this area the tidahannel is relatively wide and navigable thus functioning more like

an open water basin thamrsh. Up-gradientof Route 28, the channel narrows and intersects
with numerous tidadlitches and smaller tributary marsh creeks. The difference in structure above
and belowthe Route28 bridge created historic eelgrass habitat and benthic animal communities
of more open wiar basins in the lower tidal reach and wetland dominated habitats in the upper
system of salmarsh and tidal channel3his ecological difference results in a greater sensitivity

to nitrogen in the lower tidal river portion than in the upper wetlandmged portions.Tidal
exchange with the high quality waters of Nantucket Sound is high, given the maintained inlet and
the moderate offshore tide range (ca. 6 feet), which has also resulted in tidal creeks which are


http://www.oceanscience.net/estuaries/reports.htm

moderately incised, with near compléi@inage of tidal creeks in the upper most portions of the
system at low tide.

Figure 1. Watershed Delineations for theHerring River Estuarine System
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Overall, the Herring Rivemarsh is typical of a large New England tidalretasystem, with the

lower regions composed of predominantly salt marsh dominated by a central tidal creek and the

marsh plain colonized b$partina alterniflora(low marsh) andpartina patens and Distichlis
spicata(high marsh). The upper regiotigrthest from the tidal inlet show the influence of the

freshwater inflows from the surrounding watershed with species gradbrgakish marsh
dominated byPhragmitedinally shifting to freshwater marsh dominated yphaand other

freshwater species dhe marsh plain.

The primary ecological threat to the Herring River system as a coastal resource is degradation
resulting from nutrient enrichment. Loading of the critical eutrophying nutrient, nitrogen, to the
Herring River estuarine system has beandasing over the past few decades and has impaired

estuaryobs |
system was determined by the MERdy to be wetland dominated and therefore less sensitive to

eel

grass

habi

t at

n
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nitrogen enchment than the tidally dominated lower basin it was characterized as a high quality
habitat that had not been impaired by the naturally high levels of nitrbigarever, the MEP



TechnicalReportconcluded thaturther increases of nitrogen to the estuang increased habitat
degradation are certain unlessaggen management is implemented.

Figure 2: Map of the Herring River Estuarine System

aps)
’ ;9'2,’/ e,

|

Nitrogenenrichment occurs through two primangchanisms, 1) high rates of nitrogen entering
from thesurrounding watershed and/or 2) low rates of flushing due to "restricted" tidal exchange
with thelow nitrogen waters of Nantucket Sound.

The nitrogen loading to thderringRiver estuary, like alwst all embayments in southeastern
Massachusetts, results primarily fromsite disposal of residential (and some commercial)
wastewaterThe Town ofHarwich like most of Cape Cod, has seen rapid growth over the past
severaldecadesind does have two sthwastewater treatment facilities located within the town



boundaries (the town Middle/Elementary School complex and the Cranberry Pointe nursing
home facility).Even so, most areas of the Herring River watershed rely almost entirely

on privately maintaing onsite septic treatment and disposal of wastewater. As existing and
probable increasing levels of nutrients impact the coastal embayments of the Town of Harwich,
water quality degradation will accelerate, with further harm to valuable environmentaiceso

Fortunately for the resource protection of tipper basin of thelerring River(north of Route

28), its function as a tidaketland system makes it more tolerant of watershed nitrogen inputs
than coastal opewaterembayments, like nearby Allekkarbor or Wychmere Harbor. The

greater sensitivity ofmbayments versus wetlands results from their lower rates of water
turnover, the fact that therg limited to no exposure of the sediments to the atmosphere at low
tide (like the marsh plaingnd thefact that these systems have evolved under much lower levels
of productivity andorganic matter loading than wetlands.(MEP Technical Report)

Table 1 lists the various categories of the waterbody segments in this system thanappear
2012 Integrated List of WaterderringRiveris listed in Category 4a as impaired for pathogens
with an approved TMDL however it is nidted agmpaired for nutrientbecausgfor the
assessment period (2002008) eelgrass was still presentthe lower estuarySince he MEP
analysis did showutrientimpairmentdueprimarily to complete eelgrass loss by 2010, this
segmentvill be listed as impaireth afuture MA Integrated.ist of WatersFecal Coliform is
listed in Table 1 for completeresFurther discussion &cal coliformis beyond the scope of
this TMDL. Also,Long Pond and Hhclidedforecgnipketeness mthistabder e
since theypart of the Herring River Watershadd appear in the 2012 integrated, lgtt they

are nad included in this TMDL.

Table 1: Herring River SystemWaterbodiesin the 2012 Integrated List of Waters

Segment Impairment EPA
Name 9 Description Size | Category* P TMDL
ID Cause
Number
Outlet of Herring River
Reservoir (at Northidarwich 0.07
Herring River | MA96-22 | Reservoir Dam) west of Bells S 4a Fecal Coliform 36772
. | Miles
Neck Road, Harwich to mouth &
Nantucket Sound, Harwich.
Long Pond MA96183 | Brewster/Harwich 715 5 Dissolved
Acres Oxygen
Hinckleys Pond| MA96140 | Harwich 164 2
Acres

*Category 4d TMDL is completed
Category 5 Watersrequiring a TMDL
Category 2 Attaining some uses, other uses not assessed

A majority of the information presented here is drawn from the WM&thnical ReportA

complete description of dembament systenis presented in Chapterslll and IV of this

repat. Chapters VI and VIl of the MEP Technical Report provide assessment data that show
that theHerringRiver estuarinesystemis impairedprimarily because oflegraded eelgrass
habitatand nutrients

Table 2compares the DEP listed impaired parameterth@EP impairments found during the
technical study by SMAST for the Herring River



Table 2: Comparison of Impaired Parameters for the Herring River System

Name/Segment

DEP ListedParameter

SMAST Impaired Parameter

Herring River (MA9622)

Fecal Coliform

Eelgrass Loss, Nutrients
(in lower Herring River, portion
MA96-22)

The embayment addressed by this documesbha e n

determined to be

three significant fetors: (1) the initiative that the town Biarwichhastaken to assess the
conditions of the entire embayment system; (2) the commitment made by the town to restore the
HerringRiver estuarine systemand (3) the extent of impairment in tHerringRiver estuarine
system In both marine and freshwater systems, an excess of nutrients results in degraded water
quality, adverse impacts to ecosystems and limits on the use of water resources. Observations

are summarized in the Problem Assessment section lagldwletailed in Chapter VII,

Assessment of Embayment Nutrient Related Ecological Health, of the MEP Technicél Repo

Problem Assessment

Water quality problems associated with development within the watershed result priroarily
septic systems anmduch lessrom the landfill, runoff andfertilizers. The water quality problems
affecting nutrientenriched embayments generally include periodic decreases of dissolved
oxygen,loss of eelgrass habitatecreased diversity and quantity of benthic animadspeeriodic
algae blooms. In the most severe calsabitat degradation could lead to periodic fish kills,
unpleasant odors and scums and near loss of the benthic community and/or presence of only the
most stresgolerant species of benthic animal®asal communities, includinglarwich, rely on
clean, productive and aesthetically pleasing marine and estuarine waters for tourism, recreational
swimming, fishing and boating, as well as commercial fin fishing and shell fishing. The
continued degradation diis coasttembayment as described abavi# significantly reduce the
recreational and commercial value and use of these important environmental resources.

Figure 3 shows how the populatgwf the watershed towns éfarwich, Dennis and Brewster
have increasediramaticallyin the last0 years or se about4 times as muckor Harwich and
Dennis and almost 10 times for Brewdtéittp://www.census.gov/popest/data/index.hyml
Increases in Nbading to estuaries are directly related to increasing development and population

in the watershed. Hincrease in population contributes to a decrease in undeveloped land and

an increase in septic systems, runoff from impervious surfaces and feuslell the
residences in thlerring River watershed are serviced pyivately maintainedonventionabr-
site septisystemswith the exception ofwo wastewater treatment facilities with groundwater

discharge permits that service the Harwitilddle/Elementary School and the Cranberry Pointe

Nursing Home. There are also fannovative/alternative septic systemns record in the
watershed. There is ro@ntralized wastewater treatment systerthe watershedThese
unsewered areas contribute significamtogento the system through transport in direct

groundwater discharges to estuarine waters and through surface water flows from freshwater

tributaries and ponds.
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Habitat and water quality assessments were conducted on this estuarine system bagattupon
guality monitoring data, changes in eelgrass distribution -semes water column oxygen
measurements and benthic community structsea basis for a nitrogen threshold
determination, the MEP study focused on major habitat quatiigators: (1)pottom water
dissolved oxygen and chlorophyiconcentrations(2) eelgrass distribution over time and (3)
benthic animal communitigsee Chapter VII of the Technical Report).

TheHerringRiver estuarine ystem is a complex estuary composed of twwtional types of
component basinsttidal river (lower HerringRiver estuary- inlet to Route 2&ridge which is
functioning as an opewater basinand tidal wetlands (upper Herring River estuaapove

Route28 bridge) with the upper reaches supporting extensive salt marsh area and fresh/brackish
tidal wetlands with tidal creeks. The difference in structure above and bel®oulte28

Figure 3: Resident PopulationTrend for Herring River Watershed Towns
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bridgecreated historic eelgrass habitat and benthic animal communities of more open water
basins in the lower tidal reach and wetland dominated habitats in the upper wetland basin. This
ecological difference results in a greater sensitivity to nitrogémeimower tidal river portion

than in the uppawetland dominated portionk addition, the extensive salt marsh introduces a
level of naturabrganic enrichment

At present, théderring River estuarine systeis showingdifferences in nitrogen enrichment and
habitat quality among itsvo component basingith regions of clearly impaired habitas well

as healthy habitafTable 3, takenfrom the MEP Technical RepdiEelgrass habitat has not
historically existed withinte creeks of the upper wetladdminated basin of the Herring River
estuary, consistent with other large wetland syst@nual creeks do not generally support
eelgrass habitat, particularly when the creek drsigsificantly during each ebb tide. Further

the naturally high organic matter and nitrogen leaald low oxygen in large wetlands are not
generally supportive of eelgrass developmentgaoaith. In contrast, the lower tidal reach of the
Herring Riverestuary, which functions as a tidaer carying tidal exchange between the large



upper wetland basin and Nantucket Soundhisterically supported eelgragsditrogen

enrichment througtdirect groundwateinputsas well asaturallyhigh nitrogencontributions

from the upstream tidal wetlantlas esulted ina near complete loss of eelgr&ssn the lower
estuaryfrom 2004 to 2010However, at present there is no clear impairment of benthic habitat
within the Herring River estuary at existing levels of organic matter and nitrogen loading.

Themeasured levels of oxygen depletion and enhanced chlorophyll a levetsaigtent with

the observed habitat quality within the functional basin types (wetlandyegien) throughout

the Herring Riveestuary.Overall the oxygen levels observed withie ttreeks of the upper

basin are typical of wetland dominated creeks and are comparable to other similarly structured
healthy wetland areas on Cape Cddwever, the higher oxygen levels and lower phytoplankton
biomass in the tidal river are consistent véthopen water basin that until recently supported
eelgrass and presently supports high quality benthic habidat. river oxygen conditions did
exhibit daily excursions in oxygen levelsjt the range of daily oxygen excursion and level of
depletion wasnoderate.Based upon thievel of depletion (periodically to 4 mg/L), there should
be concern that should nitrogenrichment increase, causing even greater oxygen depletion, the
high quality benthic habitat ithe tidal river will become impaired.

Table 3: Summary of Conditions Related to the Major Indicators of Habitat Impairment
Observed in theHerring River Estuarine System

Herring River Estuary
Health Indicator Tidal Wetlands (Upper Estuary) Tidal River
West (';/lrgi:k East (Lower Estuary)
Dissolved Oxygen H H H Ml
Chlorophyll H-MI H H H
Macroalgae - - - -
Eelgrass -- -- -- SI
Infaunal Animals H H H H
Overall H H H Si

H - Healthy Habitat Conditions*

MI T Moderately Impaired*

Sl Significantly Impaired considerably and apprecialthianged from normal conditions*

* -These terms are mor e f ulSpecificdNegregenrThréskeolils for Southadernr e por t A
Massachusetts Embayments: Critical I ndi catorso Decembel
http://www.mass.gov/eea/agencies/massdep/water/watersheasitisachusetsstuarierojectmep.htmi

-- no evidence this basin is supportive of eelgrass

- sparse or absent



http://www.mass.gov/eea/agencies/massdep/water/watersheds/the-massachusetts-estuaries-project-mep.html

Pollutant of Concern, Sources, and Controllability

In the coastal embayments of tloevh of Harwichas in most marine and coastal waters the
limiting nutrient is N. Nitrogen concentrations beyond those expected naturally contribute to
undesirable conditions including the severe impacts described above, through the promotion of
excessive growth of plamtand algae.

The embayment addressed in this TMDL reposthad extensive data collected and analyzed
through the Massachusetts Estuaries Program (MEP) and with the cooperation and assistance
from the Townof Harwich, SMAST, the USGS, and the Cape C8dmmission. Data collection
included both water quality and hydrodynamics as described in Chapters I, IV, V, and VII of the
MEP Technical Rept.

Figure 4 illustrates the sources of N to Herring River estuarine systernviost of the
controllable N affeting these systems originates fromte subsurface wastewater disposal
systems (septic systems).

Figure 4: Percent Contribution of Nitrogen Sources to théderring River Estuarine System

Atm. Depositior
to estuary and

natural surfaces Sediments
19% <1%
WWTH
<1% \
Farm Animal$~

5%
Golf Course and
Lawn Fertilizerg
4%

Cranberry
Fertilizers 49

Septic Systems
59%

D

Impervious|
Surface 6% Landfill
2%
The | evel of Acontrol |l abaeswidetyyo of each source

Atmospheric depositioto estuaryand naturasurface (forests, fields, etci) Although helpful,
local controls are not adequéité is only through regionand natiorwide air pollution control
initiatives that significant reductions demasible, however the N from these sources might be
subjected to enhanced natural attenuation as it moves towards the.estuary

Farm animal$ related N loadings can be controlled through agricultural BMPs



Fertilizeri Fertilizer and related N loadingan be reduced through best management practices
(BMPs), bylaws and public education

Impervious surfaces argiormwaterunoff - sources of N can be controlled by BMPs, bylaws
andstormwateitinfrastructure improvements and public education

Landfill T the Town of Harwich owns a closed and capped laratiidl there is also a wood waste
reclamation facilityocated within the Herring River watershed and the nitrogen load frese th
landfill drains to the watershed. Related N loadings can be controlled through appropriate BMP
and management techniques

Nitrogen from sedimentscontrol by such measures as dredging is not feasible on a large scale.
However, the concentrations ofifhsediments, and thus the loadings from the sediments, will
decline over time if sources in the watershed are removed, or reduced to the target levels
discussed later in this document. Increased dissolved oxygen will help keep N from fluxing.

Septicsystem- sources of N can be controlled by a variety of egsecific methods including:
sewering and treatment at centralized or decentralized locations, transporting and treating
septage at treatment facilities with N removal technology either in @f tli¢ watershed, or
installing N-reducing orsite wastewater treatment systems

WWTF i the Harwich Elementary/Middle School and the Cranberry Pointe Nursing Home
wastewater treatment plants are small, groundwater discharge facilities within the watershed
Sources of N can be reducéd implementation of itrogen removal technolags.

Cost/benefit analyses will have to be conducted on all possible N loading reduction
methodologies in order to select the optimal control strategies, priorities andlsshedu

Description of the Applicable Water Quality Standards

The water quality classifications of the saltwater portiorie@iflerringRiver estuarinesystemare

SA (all surface waters subject to the rise and fall of the tide), and the freshwater portions of the
system are classified as B. Water quality standards of particular interest to the issues of cultural
eutrophication are dissolved oxyg@0), nutrients, aesthetics, and excess plant biomass and
nuisance vegetationThe Massachusetts water quality standards (314 CMR 4.0) contain numeric
criteria for dissolved oxygen but have only narrative standards that relate to the other variables,
as described beiv:

314 CMR 4. 0 HSAeshheticsaAll susfaceawtaters shdil be free from pollutants in
concentrations or combinations that settle to form objectionable deposits; float as debris, scum,
or other matter to form nuisances; produce objectionable odiar, taste, or turbidity; or
produce undesirabl e or nuisance species of

314 CMR 4. 05BoiomPdlytants or Alterat®nsll Surface waters shall be free
from pollutants in concentratisior combinations or from alteratisithat adversely affect the

10
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physical or chemical nature of the bottom, interfere with the propagation of fish or shellfish, or
adversely affect populationsofnromo bi | e or sessil e benthic organ

314 CMR 4. 05 KNuripntscUnless natmtty ®yrring, dl surface waters shall be

free from nutrients in concentrations that would cause or contribute to impairment of existing or
designated uses and shall not exceed the site specific criteria developed in a TMDL or as

ot herwise establishedéo

314 CMR 4.05(b) 1:
Class SADissolved Oxygen
a. Shall not be less than 6.0 mg/L unless background conditions are lower;
b. Natural seasonal and daily variations above this level shall be maintained.

Class B:Dissolved Oxygen
a. Shall not be less than 6.0 mg/L in cold water fisheries and not less than 5.0
mg/L in warm water fisheries;
b. Where natural background conditions are lower, DO shall not be less than
natural background conditions. Natural seasonal and daily varidtianare
necessary to protect existing and designated uses shall be maintained.

Thus, the assessment of eutrophication is based espsitéfic information within a general
framework that emphasizes impairment of uses and preservation of a balamyedousl flora

and fauna. This approach is recommended b¥f&in their draft Nutrient Criteria Technical
Guidance Manual for Estuarine and Coastal Marine Waters-2/8-01-003, Oct 2001).

The Guidance Manual notdsat lakes, reservoirs, streams aners may be subdivided by

classes, allowing reference conditions for each class and facilitatingftexdive criteria

development for nutrient management. However, individual estuarine and coastal marine waters
tend to have unique characteristice aevelopment of individual water body criteria is typically
required.

Methodology - Linking Water Quality and Pollutant Sources

Extensive data collection and analyses have been described in detail in the MEP Technical

Repat. Those data were used bWMBST to assess the loading capacity of each embayment.

Physical (Chapter V), chemical and biological (Chapters IV, VII, and VIII) data were collected

and evaluated. The primary water quality objective was represented by conditions that:

1) restore the nataf distribution of eelgrass because it provides valuable habitat for shellfish
and finfish;

2) prevent harmful or excessive algal blooms;

3) preservéhealthybenthic communities;

4) maintain dissolved oxygen concentrations that are protective of the estuarineratesnu

The details of the data collection, modeling and evaluation are presented and discussed in

Chapters IV, V, VI, VII and VIII of the MEP Technical RapoThe main aspects of the data
evaluation and modeling approach are summarized below.
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The coreof the Massachusetts Estuaries Project analytical method is the Linked Watershed
Embayment Management Modeling Approach. It fully links watershed inputs with embayment
circulation and N characteristics, and is characterized as follows

Arequires site sgrific measurements within the watershed and eaclesitayment;

Auises reateisgtiimatielses tof N-ude ¢as apposet] to mads vatla ¢ h | a
buit-i n fisafety factorso |i ke Title 5 design

ﬁspatiallydistributes the watershed N loading to the embayment;

Aaccounts for N attenuation during transport to the embayment;

Aincludes a 2D or 3D embayment circulation model depending on embayment structure;
Aaccounts for basin structure, tidal variations, digbersion within the embayment;

Aincludes N regenerated within the embayment;

Ais validated by both independent hydrodynamic, N concentration, and ecological data;

As calibrated and validated wi tsdenafios.el d dat

The Linked Model has been applied previously to watershed N management & over
embayments thus far throughout Southeastern Massachusetts. In these applications it became
clear that the model can be calibrated and validated and has usmaagement tool for

evaluating watershed N management options.

The Linked Model, when properly calibrated and validated for a given embayment becomes a N
managemenplanning tool as described in the model overview below. The model can assess
solutions fao the protection or restoration of nutrieeetated water quality and allows testing of
management scenarios to support cost/benefit evaluations. In addition, once a model is fully
functional it can be refined for changes in larsgt or embayment charagstics. Also, since the
Linked Model uses a holistic approach that incorporates the entire watershed, embayment and
tidal source waters, it can be used to evaluate all projects as they relate directly or indirectly to
water quality conditions within itsepgraphic boundariek.should be noted that this approach
includes highkorder, watershed and swatershed scale modeling necessary to develop critical
nitrogen targets for each major seimbayment. The models, data and assumptions used in this
processare specifically intended for the purposes stated in the MEP Technical Report, upon
which this TMDL is based. As such, the Linked Model process does not contain the type of data
or level and scale of analysis necessary to predict the fate and transpwagein through
groundwater from specific sources. In addition, any determinations related to direct and

i mmedi ate hydrologic connection to surface wa
Model Process.

The Linked Model provides a quantitativepsoach for determining an embayment's (1) N
sensitivity, (2) N threshold loading levels (TMDL) and (3) response to changes in loading rate.
The approach is fully field validated and unlike many approaches, accounts for nutrient sources,
attenuation and oycling and variations in tidal hydrodynamics (Figu# of the MEP

Technical Report). This methodology integrates a variety of field data and models, specifically:

A Mo n i- mdtiryeanegnbayment nutrient sampling

A Hydrodynamics
- embayment bathyetry (depth contours throughout the embayment)
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- site-specific tidal record (timing and height of tides)
- water velocity records (in complex systems only)
- hydrodynamic model
A Watershed Nitrogen Loading
- watershed delineation
- streamflow (Q) and N load
- landuse analysis (GIS)
- watershed N model
A Embay me+Synthdsi D L
- linked WatershedEmbayment Nitrogen Model
- salinity surveys (for linked model validation)
- rate of N recycling within embayment
- dissolved oxygen record
- chlorophylla record
- eelgrass survey
- infaunal survey (in complex systems)

Application of the Linked Watershed-Embayment Model

The approach developed by the MEP for applying the linked model to specific embayments, for
the purpose of developing tatd¢ loading rates, includes:

1) Selecting one or two stations within the embayment system located close to the inland
most reach or reaches which typically have the poorest water quality within the system.
These are called fisentinel o stations;

2) Using sitespecific information and a minimum of three years ofsnoibaymenspecific
data to select target threshold N concentrations for eacbrabayment. This is done by
refining the draft target threshold N concentrations that were developed as theteptial s
of the MEP process. The target threshold N concentrations that were selected generally
occur in higher quality waters near the mouth of the embayment system;

3) Running the calibrated water quality model using different watershed N loading rates to
determine the loading rate that will achieve the target threshold N concentration at the
sentinel station. Differences between the modeled N load required to achieve the target
threshold N concentration and the present watershed N load represent N neriagem
goals for restoration and protection of the embayment system as a whole.

Previous sampling and data analyses and the modeling activities described above resulted in four
major outputs that were critical to the development of the TMDWo outputselateto N
concentration:

1) the present N concentrations in the-gmbbayments

2) site-specific target threshold N concentrations

And, two outputselateto N loadings:
1) the present N loads to the setmbayments
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2) load reductions necessary to meet thesggzific target N concentratians
In summary: if the water quality standards are met by reducing the N concentration (and thus the
N load) at the sentinel station(s), then the water quality goals will be met throughout the entire
system.

A brief overviewof each of the outputs follows:

Nitrogen concentrations in the embayment

1) Observed fipresento conditions:
Table4 presents the average concentrations of N measured in this estuarine systdatdrom
collectedby theTown of Harwichwater quality monitorig progranduring the perio@001-
2011. The overall means argfandard deviations of the averages are presented in Appendix A
(taken from Table (1L of the MEP Technical Report). Water quality sampling stations are
shown in Figure 5 belowlhe sentinel station iIdAR-7 located at th&®oute28 bridge.

2) Modeled sitespecific target threshold N concentrations:
A major component of TMDL development is the determination of the maximum concentrations
of N (based on field data) that can occur without causing unacceptable impacts to the aquatic
environment. This is called thiarget threshold nitrogen concentratiddrior to conducting the
analytical and modeling activities described above, SMAST selected appropriate matasat
environmental indicators and tested the qualitative and quantitative relationship between those
indicators and N concentrations. Thaked Model was then used to determine-sjiecific
target threshold N concentrations by using the specific physical, chemical and biological
characteristics of each s@mbayment.

The target threshold nitrogen concentration for the Herring River Estu@rd8mg/L (Tabled).

The approach for determining nitrogen loading rates, which will maintain acceptable habitat
guality throughout an embayment system is to first identify a sentinel location within the
embayment and second to determine the nitrogeoerdration within the water column,which

will restore that location to the desired habitat quality. The sentinel location is selected such that
the restoration of that one site will necessarily bring the other regions of the system to acceptable
habitat giality levels. Once the sentinel site and its target threshold nitrogen concentration are
determined, the MEP study modeled nitrogen loads until the targeted nitrogen concentration was
achieved.

The determination of the critictrget thresholditrogenconcentratiorior maintaining high

guality habitat with théderringRiver estuarine system is based on the nutrient and oxygen
levels, temporal trends in eelgrass distribution and benthic community indiddterprimary
habitat issues within thiderringRiver estuarine systemelate to the loss of the eelgrass beds
from the lowerHerringRiver estuary The loss of eelgrass classifies the loWerringRiver

estuary as "significantly impairedHowever, the higher oxygen levels and lower phytoplankton
biomass irthe tidal river are consistent with an open water basin that until recently supported
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Table 4: ObservedPresent Nitrogen Concentrations and Sentinel Station Target Threshold
Nitrogen Concentration for the Herring River Estuarine System

Monitoring Observed Nitrogen : Target Threshold.
Sub-embayment . o Nitrogen Concentration
Station Concentration “(mg/L)
(mg/L)
Lower Herring River
Estuary (Wixen Dock) HAR-6 0.628
g’g‘; Estuary (Route | 7p.7 0.685 0.48
Upper Herring River i
Estuary (NortiRoad) HAR-9 0.810
Lothrop Road (East i
Branch H.R.) HAR-8 0.827
West Reservoir HAR-10 0.700

Average total N concentrations from present loading based on an average of the annual N mean4 {261 200

Figure 5: Water Quality Sampling Stations in theHerring River Estuarine System
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eelgrass angdresently supports high quality benthic habitaased upon all lines of evidence it
appears that the uppeetland basin of the Herring Rivestuary is presently supporting high
quality infaunal habitais structurally unable to support eelgrass, and has not exceeded its
threshold nitrogen level fassimilating additional nitrogen without impairmenierefore,
nitrogen management should foarsthe recent losses eélgrass habitat from the lower
estuary's tidal river basin, as thper wetland basin appeardt®well below its nitrogen

loading threshold level. As infaunal habitat is less sensitive teftbets of nitrogen enrichment
thanis eelgrass, reducing the level of nitrogen enrichmergdtmre the impaired eelgrass habitat
will also enhance infaunal habitat within the tidal ripertion of the estuary.

TheMEP studyresults indicate that eelgrass has been lost from the H&wegestuary in
areaghat presently support tidally averaged TN levels of 0.57 mgINIb other similar

systems "healthy" beds have been observed at <0.428 mpy &t0.421 mg N L1 in the East
and West Branches of the Westport River Estuary, whsthtesextensive up gradient

wetlands. It appears that in the Westport River Estuary, the TN lesepfmrt high quality
eelgrass habitat may be greater than 0.43 mgiNkut less than 0.50 nigjL-1. However, in
systems with shallow water or where tfidalexchange places clear low nutrient water over the
eelgrass for half of the tide, like in the tidader reach of the Herring River Estuary, eelgrass
beds are sustainable at higher tidayeraged TN levels. At shallow depths in BourResd,
eelgrass can still be found (althouggavy with epiphytes) at the mouth of the upper tributary at
a tidally averaged TN concentration0.481 mg TN L1, while the more stable beds in the lower
region of | sr didallyaveragedbTWwé0.48%mg &N L .tAll cd the eelgrass
information for the Herring Rivesstuary indicates that the nitrogdmeshold level supportive of
high quality eelgrass habitat is close to, but less than 0.50 md.NTrbe threshold is

significantly affected byhe very high water quality during flood tides (0-3234 mg N 1)

which is supportive of eelgrass coverage versus the relatively poor water ¢foalityen water
systems) during the ebbing tides (0-6877 mg N L-1) due to ouflow from the extensie

upper wetland basin. The result is that the threshold must take into account the daily variation in
conditions not just the average condition.

Given the structure of the tidal river, particularly the existence of the extensive upper wetland
system, ad the recent loss and current TN levels, it appears that TN levels need to be towered
0.48 mg L1 at thesentinelstation (HAR-7) at theRoute28 bridge This site was selected based
upon its location at the upper most extent of the documented eealgvasage in this estuary.

The findings of the analytical and modeling investigations foH&ing River estuarine system
are discussed and explained below.

The target threshold N concentration for an embayment represents the average water column
conentration of N that will support the habitat quality and dissolved oxygen concentrations

being sought. The water column N level is ultimately controlled by the integration of the
watershed N load, the N concentration in the inflowing tidal waters (boyndadition),and

dilution and flushing via tidal flows. The water column N concentration is modified by the

extent of sediment uptake and/or regeneration and by direct atmospheric dep@sgein.

threshold N concentrations in this study were developed to restore or maintain SA waters or high
habitat quality. In this system, high habitat quality was defined as stable eelgrass beds in the
lower reach oHerringRiver and healthy infaunal habitardlughout the system.
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Nitrogen loadings to the embayment

1) Present Loading rates:
In theHerring River estuarinesystemoverall, the highest N loading frooontrollable sources is
from onsite wastewater treatment systems. The MEP TechRaabrt calcultesthat septic
systems account fat3% of the controllable N load to the overall system. Other controllable
sources include fertilizefsom lawns, golf courses and cranberry Had§s3%), runoff from
impervious surfaces (6%), farm animalg6.5%), the landfill (2%), andwo small wastewater
treatment facilitieg<1%). (Figure6) Nitrogen rich sedimentare not considered feasibly
controllablebutare aminor sourcen this system. However, reducing the N load to the estuary
will also reduce N in the sadents since the magnitude of the benthic contribution is related to
the watershed load Atmospheric nitrogen deposition to the estuary and watershed surface area
wasalso anuncontrollable source to this system.

Figure 6: Percent Contribution of Locally Controllable Sources of Nitrogen to theHerring
River Estuarine System
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A subwatershed breakdown of N loading, by source, is presented in Table 4. The data on which
Table5 is based can be found Trable ES1 andTable IV-3 of the MEP TechnicdReport.

As previously indicated, the present N loadings to this estuary system must be reduced in order
to restore the impaired conditions and to avoid further nutredated adverse environmental
impacts. The critical final step in the developmenthef TMDL is modeling and analysis to
determine the loadings required that will achieve the target threshold N concentrations

2) Nitrogen loads necessary for meeting the-sjgecific target threshold N
concentrations:
Table6 lists the present watershedddings from the Herring River estuarine system and the
percent watershed load reductions necessary to achieve the target threshold N concentration at
the sentinel station (see following section).
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Table 5: Present Nitrogen Loadings to theHerring River Estuarine System

Present Total
Present Septic Present Atmospheric Present Nitrogen
Sub Land Use System Watershed Depositio A Benthic Load from
embayment Load" Load Load (kg N/day) Flux All Sourced
(kg N/day) (kg N/day) (kg N/day) (kg N/day) (kg N/day)
Lower 1.973 7.063 9.036 0.252 1.427 10.715
HerringRiver ' ) ) ' ' '
East 0.246 0.047 0.293 0 0.752 1.045
Reservoir
Upper i
HerringRiver 2.828 10.468 13.296 0.395 1.742 11.949
West 15.427 12.137 27.564 - - 27.564
Reservoir
Lothrop Road
Stream 3.317 8.877 12.627 - - 12.627
Herring 23.791 38.592 62.816 0.647 0.437 63.9
System Total

Includes fertilizers, runofflarm animals|andfill and atmospheric deposition to lakes and natural surfaces

2Includes fertilizes, runoff, farm animals|andfill, atmospheric deposition to lakes and natural surfaces and wastewater inputs
3Atmospheric deposition to the estuarine surface.only

‘Composedf fertilizers, runoff, landfill, wastewater, atmospheric deposition and benthic nitrogen input

Table 6: Present Watershed Nitrogen Loading Rates, Calculated Loading Rates that are
Necessary to Achieve Target Threshold Nitrogen Concentrations, and the Percent
Reductions of the Existing Loads Necessary to Achieve the Target Threshold Loadings*

Present Total Target Threshold % Watershed Load
Sub-embayment Watershed Load* Watershed Load Reductions Needed to
(kg/day) (kg/day) Achieve Target

Lower Herring River 9.036 9.036 0

East Reservoir 0.293 0.293 0
Upper Herring River 13.296 2.827 -78.7%

West Reservoir 27.564 27.564 0
Lothrop Road Strear| 12.627 8.255 -34.6%
Herring System Total 62.816 47.975 -23. 70

Includesfertilizers, runoff, farm animals|andfill, atmospheric deposition to lakes and natural surfaces and wastevpaitsr
Target threshold watershed load is the N load from the watershed (including natural background) needed to meet the target
threshold N concentration identified in Talleabove.

*From Tables Eand VIII-3 in the MEP Technical Report
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It is very important to note that load reductions can be produced through a variety of strategies:
reduction of any or all sources of N; increasing the natural attenuation of N within the freshwater
systems; and/or modifying the tidal flushing through inlet régaration (where appropriate).

This scenario establishes the general degree and spatial pattern of reduction that will be required
for restoration of the N impaired portions of this syst@rme watershedowns of Harwich,

Dennis and Brewsteshouldtakeany reasonable actions to reduce the controllable N sources.

Total Maximum Daily Loads

As described in EPA guidance, a total maximum daily load (TMDL) identifies the loading

capacity of a water body for a particular pollutant. EPA regulations defwéng capacity as

the greatest amount of loading that a water body can receive without violating water quality
standards. The TMDLs are established to protect and/or restore the estuarine ecosystem,

including eelgrass, the leading indicator of ecolddiealth, thus meeting water quality goals

for aquatic life suppt. Because there are no finumerical 0 wa
TMDLs for theHerringRiver estuarine systeare aimed at establishing the loads that would

correspond to specific N concentrations determined to be protective of the water quality and
ecosystems.

The development of a TMDL requires detailed analyses and mathematical modeling of land use,
nutrient bads, water quality indicators, and hydrodynamic variables (including residence time)

for each waterbody system. The results of the mathematical model are correlated with estimates
of impacts on water quality, including negative impacts on eelgrassr{tharp indicator), as

well as dissolved oxygen, chlorophgland benthic infauna.

The TMDL can be defined by the equatidgMDL = BG + WLAs + LAs + MOS

Where:
TMDL = loading capacity of receiving water
BG = natural background
WLAs = portionallotted to point sources
LAs = portion allotted to (cultural) negpoint sources

MOS = margin of safety
Background Loading
Natural background N loading is included in the loading estimates, but is not quantified or
presented separateBadkgroundloading was calculated on the assumption that the entire
watershed is forested with no anthropogenic sources of N. It is accounted for in this TMDL but
not defined as a separate componBetders are referred to Table-ESf the MEP Technical
Report for estimated loading due to natural conditions.
Waste Load Allocations

Waste load allocations identify the portion of the loading capacity allocated to existing and
future point sources of wastewatén. theHerringRiver estuarine systethere are npermitted

19



surface water dischargesthe watershedith the exception of stormwateEPA interprets 40
CFR 130.2(h) to require that allocations for NPDES regulated dischargesmivateibe
included in the waste load component of the TMDL.

For purposes of thderring RiverTMDLs, MassDEP also considered the nitrogen load

reductions from regulated MS4 sources necessary to meet the target nitrogen concentrations. In
estimating the nitrgen loadings from regulated stormwater sources, MassDEP considered that
most stormwater runoff in the MS4 communities is not discharged directly into surface waters,
but, rather, percolates into the ground. The geology on Cape Cod and the Islands consists
primarily of glacial outwash sands and gravels, and water moves rapidly through this type of soil
profile. A systematic survey of stormwater conveyances on Cape Cod and theuslandser
undertakerprior to the MEP study used in the development of TIML . Nevertheless, most

catch basins on Cape Cod and the Islands are known to MassDEP to have been designed as
leaching catch basins in light of the permeable overburden. MassDEP, therefore, recognized that
most stormwater that enters a catch basinarréigulated area will percolate into the local
groundwater table rather than directly discharge to a surface waterbody.

As described in the Methodology Section (above), the Linked Model accounts for storm water
loadings and groundwater loading in oneraggte allocation as a nqoint source. However,
MassDEP also considered that some stormwater collectediiegulated area is discharged
directly to surface waters through outfalls.

In the absence of specific data or other information to accurataltify stormwater discharged
directly to surface waters, MassDEP assumed that all impervious surfaces within 200 feet of the
shoreline, as calculated from MassGIS data layers, would discharge directly to surface waters,
whether or not it in fact did so. &#sDEP selected this approach because it considered it unlikely
that any stormwater collected farther than 200 ft. from the shoreline would be directly discharged
into surface waters. Although the 200 foot approach provided a gross estimate, MassDEP
consicered it a reasonable and conservative approach given the lack of pertinent data and
information about MS4 systems on Cape Cod. tReHerring River estuarine systehis

calculated stormwater WLA based on the 200 foot bufférdgkg/day N. Ths WLA amounts

to 0.06% of the total N load tthe Herring Rivesystem(see Appendix C for details). This
conservative load is a negligible amount of the total nitrogen loadsterttbayment when

compared to other sources.

Load Allocations

Load allocations identify the portion of loading capacity allocated to existing and future nonpoint
sources. In the case of tHerringRiver estuarine systethe locally controllable nonpoint

source loadings are from @ite subsurface wastewater disgasastems (septic systems) and

other land usesvhich includestormwaterunoff, (except from impervious cover within 200 feet

of the waterbody which is defined above as part of the wasteflrditizers farm animalstwo

small WWTFs which discharge gyoundwaterandthe landfill. Figures (above) and Figur@

(below) illustrate that septic systems are the most significant portion of the controllable N load
(73% or 67 kg N/day),with contributions frontunoff, farm animals antertilizersmuch less

(6.9, 5.9 and 9.&g N/day respectively. Loads fronthe landfilland the WWTPs areven less
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(1.9 and .4%g N/day respectively. In addition, there are nonpoint sources of N from
sediments, natural background achospheric deposition that are notsibéy controllable.

Stormwater that is subject to the EPA Phase Il Program is considered a part of the waste load
allocation, rather than the load allocation (see waste load allocation discussion). As discussed
above and presented in Chapter 1V, V, athdof the MEP Technical Report, on Cape Cod and

the Islands the vast majority of stormwater percolates into the aquifer and enters the embayment
system through groundwatdiherefore, the TMDL accounts for stormwater and groundwater
loadings in one aggrege allocation as a nepoint source, thusombining the assessments of
wastewater andtormwaterfor the purpose of developing control strategies. As the Phase Il
Program is implemented in the watershed communities, new studies, and possibly further
modding, will identify what portion of thestormwatetoad may be controllable through
implementation of Best Management Practices (BMPSs).

Figure 7: Herring River Estuarine SystemLocally Controllable N Loads by Source
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The sediment loading rates incorporated into the TMDL are lower than the existing benthic input
listed in Table4 above becaugerojected reductions of N loadings from the watershed will result

in reductions of nutrient concentrations in the sedimentgtrerdfore, over time, reductions in
loadings from the sediments will occuBenthic N flux is a function of N loading and particulate
organic N (PON). Projected benthic fluxes are based upon projected PON concentrations and
watershed N loads and are edéted by multiplying the present N flux by the ratio of projected
PON to present PON using the following formulae:

Projected N flux = (present N flux) (PON projected / PON present)
When: PON projected = (Bad) (Dpon) + PON present offshore

When: Road= (projected N load) / (Present N load)
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And: D ponis the PON concentration above background determined by:

D PON = (PON present embaymer.l-t PONpresent offshor)e

The benthic flux modeled for théerringRiver estuarine system reduced fronexisting

conditions based on the load reduction and the observed PON concentrations within-each sub
embayment relative to Nantucket Sound (boundary conditibhg. benthic flux input to each
subembayment was reduced (toward zero) based on the redattibm the watershed load.

There was one exception to this rule. Since there was a negative benthic flux (nutrient uptake)
recorded in the Upper Herring River under present conditions, a more conservative approach was
used for this segment in the TMDL bgsuming zero benthic flux for this segment in the future.

This conservative approach was used and is considered part of the margin of safety in the

TMDL.

The loadings from atmospheric sources incorporated into the TMDL however, are the same rates
presently occurring because, as discussed above, local control of atmospheric loadings is not
considered feasible.

Margin of Safety

Statutes and regulations require that a TMDL include a margin of safety (MOS) to account for
any lack of knowledge concerning the relationship between load and wasteload allocations and
water quality [CWA para 303 (d)(20©, 40C.G.R. para 130.7©(Ille MCS must be designed

to ensure that any uncertainties in the data or calculations used to link pollutant sources to water
guality impairment modeling will be accounted for in the TMDL and ensure protection of the
beneficialusesTh e EPAGs 19 9 1 expld3 that heiMObanayce implicit, i.e.,
incorporated into the TMDL through conservative assumptions in the analysis, or explicit, i.e.,
expressed in the TMDL as loadings set aside for the M@&texplicit MOS quantifies an

allocation amount separdt®m other Load and Wasteload Allocations. An explicit MOS can
incorporate reserve capacity foture unknowrs, such agpopulation growth or effects of climate
change on water quality. An implicit MOS is not specifically quantified but consists of
staements of the conservative assumptions used in the analymIVIOS for theHerring River
estuarine systemMDLs is implicit. MassDEPused conservative assumptions to develop

numeric model applications that account for the MOS. These assumpticlescaiteed below

and they account for all sources of uncertainty, including the potential impacts of changes in
climate

While the general vulnerabilities of coastal areas to climate change can be identified, specific
impacts and effects of changing estnarconditions are not well known at this time
(http://www.mass.gov/eea/wastegntrecycling/air-quality/greerhousegasandclimate
change/climatehangeadaptation/climatehangeadaptatiorreport.htm). Because the science

is not yet available, MassDEP is unable to analyze climate change impacts on streamflow,
precipitation, and nutrigdoading with any degree of certainty for TMDRlevelopment In light

of these uncertainties and informational gaps, MassDEP has opted to address all sources of
uncertainty through an implicit MOSViassDEP does not believe that an explicit MOS approach
is appropriate under the circumstancewitirprovide a more protectiver accuratdMOS than
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the implicit MOS approaclasthe available data simply does not lend itself to characterizing and
estimating loadings to derive numeric allocations within confiddimits. Although the

implicit MOS approach does nekpressly set aside a specific portion of the loaalccount for
potential impacts oflimate changdylassDEP has no basis to conclude thattreservative
assumptions that were used to develomtmaeric model applicatiorare insufficient taccount

for the lack of knowledgeegarding climate change

Conservative assumptions that support an implicit MOS:

1. Use of conservative data in fidked model

The watershed N model provides conservative estimates of N loads to the embayment. Nitrogen
transfer through direct groundwater discharge to estuarine waters is based upon studies

indicating negligible aquifer attenuation and dilution, 1@0% of load enters embayment. This

is a conservative estimate of loading because studies have also shown that in some areas less
than 100% of the load enterstheestudryn t hi s context, Adirect gr ol
to the portion of fresh war that enters an estuary as groundwater seepage into the estuary itself,

as opposed to the portion of fresh water that enters as surface water inflow from streams, which
receive much of their water from groundwater fléNitrogen from the upper watershesgjions,

which travels through ponds or wetlands, almost always enters the embayment via stream flow,
andare directly measured (over-18 months) to determine attenuatidn these cases the land

use model has shown a slightly higher predicted N lbad the measured discharges in the
streams/rivers that have been assessed to date. Therefore, the watershed model as applied to the
surface water watershed areas again presents a conservative estimate of N loads because the
actual measured N in streamsswawer than the modeled concentrations.

The hydrodynamic and water quality models have been assessed directly. In the many instances
where the hydrodynamic model predictions of volumetric exchange (flushing) have also been
directly measured by field mmsurements of instantaneous discharge, the agreement between
modeled andbserved values has been >9%itce the water quality model incorporates all of

the outputs from the other models, this excellent fit indicates a high degree of certainty in the

final result. The high level of accuracy of the model provides a high degree of confidence in the
output; therefore, less of a margin of safety is required.

In the case of N attenuation by freshwater ponds, attenuation was derived from measured N
concentrabns, pond delineations and pond bathymé&inthe Herring River system based on
measurements for four of the 12 freshwater ponds and conservatively estimated at 50% for the
remaining pondsThese attenuation factors were higher than that used in thedamodel.

All other ponds lacked sufficient data to calculate an attenuation factor so a more conservation
value of 50% was applied as more protective and defensible. Nitrogen attenuation in freshwater
ponds has generally been determined by the MERsas#0 be at least 50%, so the watershed

model assigns a conservative attenuation of 50% to all nitrogen from freshwater pond watersheds
unless there is sufficient information to develop a pgpekcific attenuation rate to incorporate

into the loading aalysis.
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Similarly, the water column N validation dataset was also conservative. The model is validated
to measured water column N. However, the model predicts average summer N concentrations.
The very high or low measurements are marked as outliérs effect is to make the N

threshold more accurate and scientifically defensible. If a single measurement two times higher
than the next highest data point in the series raises the average 0.05 mg N/L, this would allow for
a higher fac ceembagntent.eMarkihgahe derythigh otitlker is a way of

preventing a single and rare bloom event from changing the N threshold for a system. This
effectively strengthens the data set so that a higher margin of safety is not required.

Finally, the predited reductions in benthic regeneration of N are most likely underestimates, i.e.
conservative. The reduction is based solely on a reduced deposition of PON, due to lower

primary production rates under the reduced N loading in these systems. As thanlyl load

decreases and organic inputs are reduced, it is likely that rates of coupled remineralization
nitrification, denitrification and sediment oxidation will increal$evas also conservatively

assumed that the present benthic flux uptake measured ipges Hearing River-1.742

kg/ day) does not exist under future |l oading ¢
purposes of the TMDL.

Benthic regeneration of N is dependent upon the amount of PON deposited to the sediments and
the percentage that regenerated to the water column versus being denitrified or buried. The
regeneration rate projected under reduced N loading conditions was based upon two assumptions
(1) PON in the embayment in excess of that of inflowing tidal water (boundary cond#sults

from production supported by watershed N inputs@jdPresently enhanced production will
decrease in proportion to the reduction in the sum of watershed N inputs and direct atmospheric
N input. The latter condition would result in equal egmbant versus boundary condition

production and PON levels if watershed N loading and direct atmospheric deposition could be
reduced to zero (an impossibility of course). This proportional reduction assumes that the
proportion of remineralized N will be tleame as under present conditions, which is almost
certainly an underestimate. As a result, future N regeneration rates are overestimated which adds
to the margin of safety.

2. Conservative sentinel station/target threshold nitrogen concentration

Consevatism was used in the selection of the sentinel stations and target threshold N
concentrations. The sites were chosen that had stable eelgrass or benthic animal (infaunal)
communities, and not those just starting to show impairment, which would hawydtigher

N concentration. Meeting the target threshold N concentrations at the sentinel stations will result
in reductions of N concentrations in the rest of the system.

3. Conservative approach

The target loads were based on tidally averaged Merdrations on the outgoing tide, which is
the worst case condition because that is when the N concentrations are the highest. The N
concentrations will be lower on the flood tides and therefore this approach is conservative.
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Finally, the linked modehccounted for all stormwater loadings and groundwater loadings in one
aggregate allocation as a non point source and this aggregate load is accounted for in the load
allocation. The method of calculating the WLA in the TMDL for regulated stormwater was
corservative as it did not disaggregate this negligiiel from the modeled stormwater LA,

hence this approach further enhances the margin of safety.

In addition to the margin of safety within the context of setting the N threshold levels as
described abee, a programmatic margin of safety also derives from continued monitoring of
these embayments to support adaptive management. This continuous monitoring effort provides
the ongoing data to evaluate the improvements that occur over theyearlimplemetation of

the N management plan. This will allow refinements to the plan to ensure that the desired level
of restoration is achieved.

Seasonal Variation

Since the TMDLs for the waterbody segments are based on the most critical time period, i.e. the
sumrmer growing season, the TMDLs are protective for all seasons. The daily loads can be
converted to annual loads by multiplying by 365 (the number of days in a year). Nutrient loads
to the embayment are based on annual loads for two reasons. TheHaspismary production

in coastal waters can peak in both the late wiatgty spring and in the late sumnrearly fall

periods. Second, as a practical matter, the types of controls necessary to control the N load, the
nutrient of primary concern, by tinezery nature do not lend themselves to iraraual

manipulation since the majority of the N is from Amwint sources. Thus, the annual loads make
sense since it is difficult to control ngoint sources of N on a seasonal basis and N sources can
takeconsiderable time to migrate to impacted waters.

TMDL Values for the Herring River Estuarine System

As outlined above, the total maximum daily loadings of N that would provide for the restoration
and protection of the embayment were calculated by cernsglall sources of N grouped by
natural background, point sources and-pomt sources. A more meaningful way of presenting
the loadings data from an implementation perspective is presented in/ Tedbbev.

In this table thenon-controllableN loadings from the atmospheamd sedimentare listed

separately from the target watershed threshold loads which are composed of natural background
N along with locally controllable N from the egite subsurface wastewater disposal systems,
WWTPs, farm animalghe landfill, stormwaterrunoff and fertilizer sourceg-or the Herring

River systenthe TMDLs were calculated by projecting reductions in locally controllable septic
systemsn the subwatersheds of thgpperHerring River estuary and Lothrop Road Stream

(Table8). The goals of these TMDLs are to achieve the identified target threshold N
concentration at the identified sentinel station. The target loads identifledbie6 represent

one alternativdoading scenario to achieve that goal but other sasharay be possible and
approvable as well.
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Table 7: The Total Maximum Daily Loads (TMDL) for the Herring River Estuarine
System

Target Atmospheric Nitrogen Load T™MDL 3
Threshold Deposition from (k

Sub-embayment Watershed Load" K pN/da ) Sediment$ N/dg )
(kg N/day) g Wday (kg N/day) y

Lower Herring River 9.036 0.252 1.249 10.54
East Reservoir 0.293 0 0.628 0.92
Upper Herring River 2.827 0.395 0 3.22
West Reservoir 27.564 - - 27.56
Lothrop Road Stream 8.255 - - 8.26
Herring Tz't‘;ﬁ”sysmm 47.975 0.647 1.877 5050

Target threshold watershed load (including natural background) is the load from the watershed needed to meet the embayment
target threshold nitrogen concentration identified in Tdble
2 projected sediment N loadings obtained by reducing the present benthic flux loading rates) {@iplertional to proposed
watershed load reductioasd factoring in the existing and projected future concentrations of PON. (Negative fluxes set to zero.)
3 Sum of target threshold watershed load, sediment load and atmospheric deposition load.

Implementation Plans

The critical element of this TMDL process is achieving the specific target threshold N
concentration for the sentinel station presented in Tabhlove that is necessary for the
restoration and protection of water quality and eelgrass habitat withitetinieg River estuarine
system In order to achieve these target threshold N concentrations, N loading rates must be
reduced throughout the harbor embayment sysfeahle6, above, lists the target watershed
threshold loads for this embayment. If thiseghold load is achieved, this embayment will be
protected.

Septic Systems:

Table8 presents a load reducing scenario based solely on reducing the septic loads from the
Herring River estuary watershed. However paeviously noted, there is a varietyladding

reduction scenarios that could achieve the target threshold N concentrations. Local officials can
explore other loading reduction scenarios through additional modeling as part of their
Comprehensive Wastewater Management RAWMP). It must be @monstrated however, that

any alternative implementation strategies will be protective of the entire embaymentaydtem

that none of the embayment will be negatively impactedhis end, additional linked model

runs can be performed by the MEP to agbis planning efforts of the town in achieving target N
loads that will result in the desired target threshold N concentration.
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Table 8. Summary of the Present ORSite Subsurface Wastewater Disposal System Loads,

and the Loading Reductions Necessary toghieve the TMDL by Reducing OnSite

Subsurface Wastewater Disposal System Loads Only

Present Septic | Threshold Septiq  Threshold
. . System System Load Septic System
Herring River System/Subwatershe Load (kg Niday) Load % Change
(kg N/day)
Lower HerringRiver 7.063 7.063 0
EastReservoir 0.047 0.047 0
Upper Herring River 10.468 0.00 -100.0%
WestReservoir 12.137 12.137 0
Lothrop Road 8.877 4.504 -49.3%

‘Note:Taken froniTable VIII-2 of the MEP Technical Repofthese loads do not include direct
atmospheric deposition (onto the seimbayment surface), benthic flux, rundWTF, landfill, or
fertilizer loading terms.)

The CWMP should include a schedule of the selected strategies and estimated timelines for
achievng those targets. However, the MassDEP realizes that an adaptive management approach
may be used to observe implementation results over time and allow for adjustments based on
those resultsThis adaptive management approach will incorporate the pematd concepts

included in the updated area wide management plan established under the Clean Water Act
Section 208.

If a community chooses to implement TMDL measures without a CWMP it must demonstrate
that these measures will achieve the tatigetshold N concentration. (Note: Communities that
choose to proceed without a CWMP will not be eligible for State Revolving IBans.)

Because the vast majority of controllable N load is from septic systems for private residences the
CWMP should assess the most eeffective options for achieving the target N watershed loads,
including but not limited to, sewering and treatment for Ntidrof sewage and septage at either
centralized or deentralized locations and denitrifying systems for all private residences.

Stormwater:

The2003NPDES permits which EPA has issued in Massachusetts to implement the Phase I
Stormwateiprogram do nbestablish numeric effluent limitations for stormwater discharges,
rather, they establish narrative requirements, including best management practices, to meet the
following six minimum control measures and to meet State Water Quality Standards.

1. Public education and outreach particularly on the proper disposal of pet waste,
2. Public participation/involvement,

3. lllicit discharge detection and elimination,

4. Construction site runoff control,
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5. Post construction runoff control, and
6. Pollution preveation/good housekeeping.

As part of their applications for Phase Il permit coverage, communities must identify the best
management practices they will use to comply with each of these six minimum control measures
andthe measurable goals they havefeekeach measur@herefore, compliance with the
requirements of the Phase Il stormwater permit in the Town of Harwich will contribute to the
goal of reducing the nitrogen load as prescribed in this TMDL for the Herring River estuarine
system watershed. their2014annual Phase Il MS4 Stormwater report to EPA
(http://www.epa.gov/regionl/npdes/stormwater/2@@8mitarchives.htm Harwich reports that
100% of the mapping dhe stormdrain system and outfalls in the town has been compladed

field verification is ongoingThe annual reports indicate that they continue to update stormwater
drainage systems to Phase Il standards. In addition, the Town conducts an ongang publ
outreach campaign that includes website, posters, handouts, mailers and flyers with information
on various pollution prevention activities (e.g., hazardous waste collections) and regulations.

Other activities being conducted by Harwich as reporteddim most recent (2014) NPDES

Phase Il MS4 Annual Report include: membership in the Pleasant Bay Resource Management
Alliance (The Alliance has over 100 volunteers who collect water samples throughout the Bay
from June through September); hosting COASTS\WEHhich organizes volunteer beach

cleaning events in Harwiclandworking with Americorps of Cape Cod to clean streams related
to herring runs in Harwich

The Town of Brewstewhich drains the uppermost portion of the waterdeslimplemented a

number ofactivities relative to their Phase 1l MS4 permit (as reported in their 2014 Annual
StormwateReportto EPA). These include: several water quality projects funded under a CZM

nonpoint source pollution grant for the Stoney Brook Watershed, various edumadi@utreach

projects, replacing an undersized culwertler Route 6A wor k on the townds |1
Resource management Pl an which includes addre
GIS system relative to stormwater infrastructure, appraiva IDDE bylaw, andcompletion of

a comprehensive IDDE plan

There is a smal/l amount of Phase |1l stor mwat e
of the watershed. In its 2014 Annualdsinwater Report to EPA Dennis has implemented a

numberof activities relative to their Phase Il MS4 Permit that may impact the Herring River
watershed. These include: good housekeepatigns formunicipal operations, requiring
applicable commerci al projects and all subdiywv
requirements, enforcement of the stormwatelavy, various education and outreach projects,

and ongoing update stormwater outfall maps.

Climate Change:

MassDEP recognizes that lotgrm (25+ years) climate change impacts to southeastern
Massachusett#cluding the area of this TMDlarepossiblebased orknownscience
Massachusetts Executive Office of Energy and Environmental Affairs 2011Climate Change
Adaptation Reporthttp://www.mass.gov/eea/wastegntrecycling/airquality/greerhousegas
and-climate change/climatehangeadaptation/climatehangeadaptatiorreport.html predicts
that by 2100 the sea level could be from 1 to 6 feet higher than the current position and
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precipitation rates in the Northeast could increase by as much as 20 peovesneHthe details

of howclimate changevill affect sea level riseprecipitation, seamflow, sediment and nutrient

loading in specifidocationsaregenerallyunknown. The ongoing debate is not about whether

climate change will occur, but the rate at and the extent to which it will occur and the

adjustments needed to addressitsinpacP A6 s 2012 Cli mate Change St

http://water.epa.gov/scitech/climatechange/upload/epa 2012 climate_water_strategy full _report
final.pdf states:fiDespite increasing understanding of climate change, there still remain

guestions about the scope and timing of climate change impacts, especially at the local scale

where most waterelated decisions are maderor estuarine TMDLs in southstern

MassachusetidlassDEP recognizes thitlis is particularly trueywherewater quality

management decisions and implementation actiongearerallynade and conducted at the

municipal level on a sulvatershed scale.

EPAG6s Cl i mat e dentfestheeypeS df resedarah gegded to support the goals and
strategic actions to respond to climate change. EPA acknowledges that data are missing or not
available for making water resource management decisions under changing climate conditions.
In addition, EPA recognizes the limitation of current modeling in predicting the pace and
magnitude of localized climate change impacts and recommends further exploration of the use of
tools such astmospheric, precipitation and climate chanmgelels to hep states evaluate

pollutant load impacts under a range of projected climatic shifts.

In 2013 EPA released a stuantitted @A Wat er shed model ing to asses
streamflow, nutrient, and sediment loads to potential climate change and urban development in

20 U.S. watersheds. o (National Center for Env
EPA/600/R12/058F). Thelosest watershed to southeastern Massachukettezasexamined

in this studyis a New England coastal basin locdtetiveerSouthern Maine an@entral
CoastaMassachusettsThese watershed® not encompass any of tixatersheds in the
MassachusettSstuary ProjectMIEP) region andit has vastlydifferent watershed

characteristicancluding soils, geography, hydrology and land ugey components used &

modeling analysisThe i ni ti al if i r sstudysithdtenmany oaamons | u s i on
future conditionsincluding water qualityare likely to be different from past experience

However most significantlythis study did notlemonstrate that changes to TMDLs (the water

guality restoration targets) would be necessaryhe regon.EPAG6s 2012 Cl i mate C
Strategy also acknowledgthat the Northeasincluding New Englandheeds talevelop

standardizé regional assumptions regarding future climate change impg&ad 2013

modeling study does ngtovide thescientific methodsnd robust dataseteededo predict
specificlong-termclimate change impagin the MEP regiorto inform TMDL development.

MassDEP believes that impacts of climate change should be addressed through TMDL
implementatiorwith an adaptive management apgchin mind. Adjustments can be made as
environmental conditions, pollutant sources, or other factors change oveMtssgachusetts

Coastal Zone Management (CZM) has developed a StormSmart Coasts Program (2008) to help
coastal communities address imfgand effects of erosion, storm surge and flooding which are
increasing due to climate change. The programn.mass.gov/czm/stormsmanffers technical
information, planning strategies, legal and regulatory tools to communities to adapt to climate
change impacts.
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As more information and tools become available, thexgbe opportunities to make
adjustments in TMDL# the futureto addess predictablelimate change impactaVhen the
science can support assumptions about the effects of climate chathgenibrogen loadingto
the Herring River Estuarine Systehe TMDL can be reopened, if warranted

The towrs of Harwich, Dennis an&rewster arairgedto meet the target threshold N
concentrations by reducing N loadings from any and all sources, through whatever means are
available and practical, including reductionsiarmwaterunoff and/or fertilizer use within the
watershed thragh the establishment of localdgws and/or the implementation stbormwater

BMPs in addition to reductions in egite subsurface wastewater disposal system loadings.

MassDEPG6s MEP | mpl ementation Guidance report:
http://www.mass.gov/eea/agencies/massdep/water/watershedstcesstatesand
estuaries.htmlprovides N loading reduction strategies that are availabtatwich, Dennis and
Brewsterand could be incorporated into the implementation plans. The following topics related
to N reductiorare discussed in the Guidance:
1 Wastewater Treatment
A OnSite Treatment and Disposal Systems
A Cluster Systems with Enhanced Treatment
A Community Treatment Pres
A Municipal Treatment Plants and Sewers
91 Tidal Flushing
A Channel Dredging
A Inlet Alteration
A Culvert Design and Improvements
1 StormwaterControl and Treatment *
A Source Control and Pollution Prevention
A StormwatefTreatment
Attenuation via Wetlands and Ponds
Water Conservation and Water Reuse
Management Districts
Land Use Planning and Controls
A Smart Growth
A Open Space Acquisition
A Zoning and Related Tools

1 Nutrient Trading

*Harwich, Dennis and Brewster are thodehe 237 communities in Massachusetts cov@aetbast in partpy the
Phase Istormwatemprogram requirements.

= =4 =4 =4

Monitoring Plan

MassDEP is of the opinion that there are two forms of monitoring that are useful to determine
progress towards achieving compliance with th
implementation will be conducted through an iterative process where adjustmghtsmeaded

in the future. The two forms of monitoring include 1) tracking implementation progress as
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approved in the CWMP and 2) monitoring water quality and habitat conditions in the estuaries,
including but not limited to, the sentinel stations iderdifie the MEP Technical Repto

The CWMP will evaluate various options to achieve the goals set out in the TMDL report and
the MEP Technical Repb It will also make a final recommendation based on existing or
additional modeling runs, set out requair&ctivities, and identify a schedule to achieve the most
cost effective solution that will result in compliance with the TMDL. Once approved by the
Department tracking progress on the agreed upon plan will, in effect, also be tracking progress
towards wagr quality improvements in conformance with the TMDL.

Relative to water quality, MassDEP believes that an ambient monitoring program much reduced
from the data collection activities needed to properly assess conditions and to populate the
model, will beimportant to determine actual compliance with water quality standards. Although
the TMDL values are not fixed, the target threshold N concentrations at the sentinel stations are
fixed. Through discussions amongst the MEP it is generally agreed thatgerastmitoring

programs which were designed to thoroughly assess conditions and populate water quality
models can be substantially reduced for compliance monitoring purposes. Although more
specific details need to be developed on a-bgsease basidMassDEP believes that about half

the current effort (using the same data collection procedures) would be sufficient to monitor
compliance over time and to observe trends in water quality changes. In addition, the benthic
habitat and communities would requireipdic monitoring on a frequency of about evefy 3

years. Finally, in addition to the above, existing monitoring conducted by MassDEP for eelgrass
should continue into the future to observe any changes that may occur to eelgrass populations as
a result ofrestoration efforts.

The MEP will continue working with the watershed communities to develop and refine
monitoring plans that remain consistent with the goals of the TMDL. It must be recognized
however that development and implementation of a monitotargwill take some time, but it is
more important at this point to focus efforts on reducing existing watershed loads to achieve
water quality goals.

Reasonable Assurances

MassDEP possesses the statutory and regulatory authority, under the watestgunaldyds

and/or the State Clean Water Act (CWA), to implement and enforce the provisions of the TMDL
through its many permitting programs including requirements for N loading reductions from on
site subsurface wastewater disposal systems. However sket@st noipoint source controls

are voluntary, reasonable assurance is based on the commitment of the locality inVbkred.
watershed towns dfarwich Brewster and Dennis hademonstrated this commitment through

the comprehensive wastewater planrtimag they initiated well before the generation of the

TMDL. The Towns expect to use the information in this TMDL to generate support from their
citizens to take the necessary steps to remedy existing problems related to N loadingditem on
subsurface watewater disposal systerasdstormwaterunoff (including fertilizers), and to

prevent any future degradation of these valuable resources. Moreover, reasonable assurances
that the TMDL will be implemented include enforcement of regulations, availatilfigancial
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incentives and local, state and federal programs for pollution control. Stormwater NPDES

permit coverage will address discharges from municipmailgedstormwateidrainage systems.
Enforcement of regulations controlling npnint dischargesiclude local implementation of the
Commonweal thés Wetl ands Protection Act -and Ri
site subsurface wastewater disposal systems and other local regulations (such as the Town of
Rehobot hds st arahcilinceatiges incutei fenlarad funds avakable under

Sections 319, 604 and 104(b) programs of the CWA, which are provided as part of the

Performance Partnership Agreement between MassDEP and EPA. Other potential funds and
assistance are availableshu gh t he Massachusetts Department
Program and the United States Department of A
Services. Additional financial incentives include income tax credits for Title 5 upgrades and low
interest loans for Title 5 osite subsurface wastewater disposal system upgrades available

through municipalities participating in this portion of the state revolving fund program.

As thetowns implemens these TMDLsthe loading values (kg/day of N) will be used by
MassDEP for guidance for permitting activities and should be used by the community as a
management tool.

Public Participation

Public meetingto present the results of and answer questions on this Tivid&held onAugust

26, 2015ntheS e | e ¢ meeting tbemHarwich Town Hall Patti Kellogg(MassDEP)
summarized the Mass Estuaries Project and described the Draft Nitrogen TMDL Report findings.
Public comments received at tpablic meetinggand commats received in writing within a 38ay
comment pend following the public meetingiere considered by the Departme¥b. written
comments were received by the Departnteming the 36day comment period his final version of
the TMDL report includes bota summary of the publimeetingcomments together with the
Department's response to the commaeants Frequently Ask Questiorand scanned images of the
attendance sheets from the meetidgdendixD). MEP representatives at the public meeting
includedKimberly Groff, Brian Dudley, Barbara Kickham, and Matt Reardon
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Appendix A

Table A-1 Summary of the Nitrogen Concentrations for

(from Chapter VI of the MEP Technical Report)

the Herring River Estuarine System

Town of Harwich water quality monitoring data and modeled Nitrogen concentrations for the Herring River Estuarine System. All concentrations are given

in mg/L N. AData meanod val ues dheseparaidyeanlymearssd as t he average of
Sub- Station | 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 |\ Saiﬂ' N Model | Model | Model
embayment Mean Mean Mean Mean Mean Mean Mean Mean Mean Mean Mean data Min Max Avg.
Wixen Dock | HAR-6 | 0.760 | 0.696 | 0.716 | 0.567 | 0.537 | 0.686 | 0.475 | 0.654 | 0.566 | 0.853 | 0.567 | 0.628 | 0.143 | 36 | 0.323 0.677 0.425
Rgﬁgeggs HAR-7 | 0.755 | 0.756 | 0.814 | 0.742 | 0.768 | 0.581 | 0.566 | 0.625 | 0.529 | 0.693 | 0.712 | 0.685 | 0.147 | 51 | 0.338 0.767 0.567
North Road HAR-9 | 0.793 | 0.853 | 0.919 | 0.968 | 0.794 | 0.873 | 0.667 | 0.783 | 0.636 | 0.873 | 0.776 | 0.810 | 0.181 | 51 | 0.711 0.793 0.776
Lothrop HAR
Road -8 | 0.705 | 0.891 | 0.910 | 0.814 | 0.786 - - -- -- -- 0.827 | 0.153 | 24 | 0.822 0.852 0.840
W. Reservoir | HAR-10 | 0.732 0.968 0.836 0.654 0.607 0.605 -- -- -- -- 0.700 0.152 | 26 | 0.710 0.712 0.710
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Appendix B:

Table B-1: Herring River Estuarine System Total Nitrogen TMDL and 4 Pollution Prevention TMDLs

Sub-embayment Segment ID/Description Impairment/TMDL Status (kgm%;y)
MA96-22 2012 Qutlet of Herring RivelReservoir
. (at North Harwich Reservoir Dam) west of Bells . . . . .
Lower. Herring Neck Road, Harwich to mouth at Nantucket Sour Dete_rmlned to be impaired for nutrients during the developm 10.54
River . . | of this TMDL.
Harwich. Lower portion from Route 28 to mouth ¢
Nantucket sound.
East Reservoir _ Not impaired for total nitrogen, but TMDL needed since 0.92
embayments are linked. (Pollution Prevention TMDL) '
MA96-22 2012 Outlet of Herring River Reservoir
(at North Harwich Reservoir Dam) west of Bells
Upper Herring Neck RoadHarwich to mouth at Nantucket Sounc Not impaired for total nitrogen, but TMDL needed since 3.92
River Harwich. Upper portion from Route 28 to outlet o embayments are linked. (Pollution Prevention TMDL) '
Herring River Reservoir.
. B Not impairedfor total nitrogen, but TMDL needed since
West Reservoir embayments are linked. (Pollution Prevention TMDL) 27.56
Lothrop Road _ Not impaired for total nitrogen, but TMDL needed since 8.26
Stream embayments are linked. (Pollution Prevention TMDL) '
Herring River 50.50

SystemT otal

* Pollution Prevention TMDL for community planniramnd to prevent further downstream impairment
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Appendix C

Table C-1: The Herring River Estuarine System estimated waste load allocation (WLA) from runoff of all
impervious areas within 200 feet of its waterbodies

. . MEP Total

Impervious I Tota_l Total % Impervious Imggcr)\f/tl?)uifArea "N | Unattenuated UMEP Ifeitd q Impervious B EITEEV DA

System Areain MPEVIOUS | \yatershed of Total utier as Watershed nattenuate buffer 200ft| #° percentage o
Areain Percentage of Total . Watershed MEP Total
Name | 200ft buffer Area Watershed . Impervious WLA
Watershed Watershed Impervious Load Unattenuated
(acres) (acres) OIS as Area -3 (kg N/dayy’ (kg N/dayf Watershed.oad
(kg N/day)? gviday
gﬁ/ré'rng 11.34 1,113 9,558 11.6% 1.0% 6.94 113.3 0.07 0.06%

TThe entire impervious area within a 200 foot buffer zone around all waterbodies as calculated from GIS. Due to thgsoitgygraf Cape Cod it is unlikely that runof
would be channeled as a point source directly to a waterbody from areas m@eQHeaat away. Some impervious areas within approximately 200 feet of the shoreli
may discharge stormwater via pipes directly to the waterbody. For the purposes of the wasteload allocation (WLA) ineddtessall impervious surfaces within 200
feet of the shoreline discharge directly to the waterbody.
The unattended N load from impervious surfaces from the MEP Technical report, Téble IV
*This includes the unattenuated nitrogen loads from wastewater from septic spstemsstewater treatment facility, landffértilizers, runoff from both natural and
impervious surface$arm animals andtmospheric deposition thewaterbod surfaces from Table A3 in the MEP Technical report

“The impervious watershe&DOft buffer area (acres) divided by total watershed impervious area (acres) then multiplied by total impervious watersheh/ieyg).(kg
*The impervious watershed buffer area WLA (¥fglay) divided by the total watershed load (iglay) then multiplied by 100
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Appendix D
Massachusetts Estuaries Priject (MEP) Response to Comments

DRAFT TOTAL MAXIMUM DAILY LOAD (TMDL) RE PORT FOR
HERRING RIVER SYSTEMCONTROL #3950)
(REPORT DATEDAPRIL 16,2015)

DRAFT TMDL REPORT F®R
ALLEN, WYCHMERE, AND SAQUATUCKET HARBORSESTUARINE SYSTEMS
(CONTROL # 3120)
(REPORT DATEDAPRIL 16,2015)

No written comments were received by MassDdRing the public comment period
However, we have included some answerkrequently Asked Questions on the MEP,
TMDLs, and CWMPs

General frequently asked questions:

1) Can a CWMP include the acquisition of open space, and if so, c&mate Revolving
Funds (SRF) be used for this?
DEP Responsestate Revolving funds can be usadopen space preservation if a specific
watershed property has been identified as a critical implementation measure for meeting the
TMDL. The SRF solicitation should identify the land acquisition as a high priority project
for this purpose which woulithen make it eligible for the SRF funding list. However, it
should be noted that preservation of open space will only address potential future nitrogen
sources (as predicted in the buibdit scenario in the MEP Technical report) and not the
current situaion. The town will still have to reduce existing nitrogen sources to meet the
TMDL.

2) Do we expect eelgrass to return if the nitrogen goal is higher than the concentration
that can support eelgrass?
DEP Response: There are a number of factors that canaldh# ability of eelgrass to re
establish in any area. Some are of a physical nature (such as boat traffic, water depth, or
even sunlight penetration) and others are of a chemical nature like nitrogen. Eelgrass
decline in general has been directly relatedhe impacts of eutrophication caused by
elevated nitrogen concentrations. Therefore, if the nitrogen concentration is elevated
enough to cause symptoms of eutrophication to occur, eelgrass growth will not be possible
even if all other factors are comtted and the eelgrass will not return until the water
guality conditions improve.

3) Who is required to develop the CWMP? Can it be written inhouse if there is enough
expertise?
DEP Responsefhe CWMP can be prepared by the town. There are no reneires that it
must be written by an outside consultdrawever, the community should be very confident
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that its inhouse expertise is sufficient to address the myriad issues involved in the CWMP
process. MassDEP would strongly recommend that any conymuigtiing to undertake

this endeavor on its own should meet with MassDEP to develop an appropriate scope of
work that will result in a robust and acceptable plan.

4) Have others written regional CWMP's (i.e. included several neighboring towns)?

DEP Responseloint CWMPs have been developed by multiple Towns particularly where
Districts are formed for purposes of wastewater treatment. Some examples include the
Upper Blackstone Water Pollution Abatement District that serve all or portions of the towns
Holden,Millbury, Rutland West Boylston and the City of Worcester and the Greater
Lawrence Sanitary District that serves the greater Lawrence area including portions of
Andover, N. Andover, Methuen and Salem NH.. There have also been recent cases where
Towns havéeamed up to develop a joint CWMP where districts have not been formed. The
most recent example are the Towns discharging to the Assabet River. They include the
Towns of Westboro and Shrewsbury, Marlboro and Northboro, Hudson, and Maynard. The
reason theseowns joined forces was they received higher priority points in the SRF coming
in as a group than they otherwise would have individually.

5) Does nitrogen entering the system close to shore impair water quality more? If we
have to sewer, semnseto$edentiomes icléser toahk €hore?

DEP ResponsetHomes closer to the waterbody allow nitrogen to get to that waterbody
faster. Those further away may take longer but still get there over time and are dependent
upon the underlying geology. Howevehawis more important is the density of homes.
Larger home density means more nitrogen being discharged thus the density typically
determines where to sewer to maximize reductiéso there are many factors that
influencewater quality such as flushirapd morphology of the water body

6) Do you take into account how long it takes groundwater to travel?
DEP Response: Yes, the MEP Technical report has identified long term (greater than 10
years) and short term time of travel boundaries ingr@indwatershed.

7) What if a town candét meet its TMDL?
DEP Response: A TMDL is simply a nutrient budget that determines how much nitrogen
reduction is necessary to meet water quality goals as defined by state Water Quality
Standards. It is unlikely that the TMDL cannot be achieved however in rare occasians it
happen. In those rare cases the Federal Clean Water Act provides an alternative mechanism
which is called a Use Attainability Analysis (UAA). The requirements of that analysis are
specified in the Clean Water Act but to generalize the process, itesgudemonstration
would have to be made that the designated use cannot be achieved. Another way of saying
this is that a demonstration would have to be made that the body of water cannot support its
designated uses such as fishing, swimming or protecfiaguatic biota. This
demonstration is very difficult and must be approved by the U.S. Environmental Protection
AgencyAs long as a plan is developed and actions are being taken at a reasonable pace to
achieve the goals of the TMDL, MassDEP will usergigon in taking enforcement steps.
However, in the event that reasonable progress is not being made, MassDEP can take
enforcement action through the broad authority granted by the Massachusetts Clean Waters
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Act, the Massachusetts Water Quality Standaads through point source discharge
permits.

8) What is the relationship between the linked model and the CWMP?
DEP Response: The model is a tool that was developed to assist the Town to evaluate
potential nitrogen reduction options and determine if thegtnthe goals of the TMDL at the
established sentinel station in each estuary. The CWMP is the process used by the Town to
evaluate your short and loAgrm needs, define options, and ultimately choose a
recommended option and schedule for implementatianeets the goals of the TMDL.
The models can be used to assist the Towns during the CWMP process.

9) Is there a federal mandate to reduce fertilizer use?
DEP Response: No, it is up to the states and/or towns to address this issue.

10)Will monitoring cont inue at all stations or just the sentinel stations?
DEP Response: At a minimum, DEPuUId like to seenonitoring continued at the sentinel
stations monthly, Mageptembein order to determine compliance with the TMDL
However, ideally, it would be goad continue monitoring all of the statigripossible
The benthic stations can be sampled evebyy@ars since changes are not rapid. The towns
may want to sample additional locations if warrantB&P plans to continue its program of
eelgrass mondtring.

11)What i s the stateds expectation with CWMPs?
DEP Response: The CWMP is intended to provide the Towns with potential short and long
term options to achieve water quality goals and therefore provides a recommended plan and
schedule fosewering/infrastructure improvements and other nitrogen reduction options
necessary to achieve the TMDL. The state also provides a low interest loan program called
the state revolving fund or SRF to help develop these plans. Towns can combine forces to
save money when they develop their CWMPS.

12)Can we submit parts of the plan as they are completed?
DEP Response: Submitting part of a plan is not recommended because no demonstration
can be made that the actions will meet the requirements of the TMDL. Witaiti
however the plan can contain phases using an adaptive approach if determined to be
reasonable and consistent with the TMDL.

13)How do we know the source of the bacteria (septic vs. cormorants, etc.)?
DEP Response: This was not addressed becdusésta nitrogen TMDL and not a bacteria
TMDL.

14)Is there a push to look at alternative new technologies?
DEP ResponseYes, the Massachusetts Septic System Test Center is located on Cape Cod
and operated by the Barnstable County Department of Health avidoBment. This Center
tests and tracks advanced innovative and alternative septic system treatment technologies.
DEP evaluate pilot studies for alternative technologies but will approve a system unless
it has been thoroughly studied and documentdattsuccessful
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15)How about using shellfish to remediate and reduce nitrogen concentrations?
DEP Response: Although MassDEP is not opposed to this approach in concept and the
approach is gaining favor in some areas of the country presently this is appaoved
method because of a lack of understanding regarding how much nitrogen is removed over a
specified period of time. Some examples of systems where research is being conducted
include Long Island Sound (LIS), , Wellfleet, and Chesapeake Bay wystersare being
evaluated for remediation but the complete science is stilvatbdefined. There are also
many unknowns that can affect nitrogen uptake associated with proper management of the
beds and it is likely that very large areas of shellfishy be needed to see measureable
improvements.

16)The TMDL is a maximum number, but we can still go lower.
DEPResponseThe st ateb6s goal i's to achieve design
There is nothing however that prevents a Town from implémgemteasures that go beyond
that goal. It should also be noted that the TMDL is developed conservatively with a factor
of safety included

17l sndét it going to take several years to rea
DEP Responselt is likely that several years will beecessary to ackve reductions and to
see a corresponding response in the estuary. However, the longer it takes to implement
solutions, the longer it is going to take to achieve the goals.

18)The TMDL is based on current land use but what about futuredevelopment?
DEP Response: ThRIEP Study and theMDL also takes buildout into account for each
community.

19)What about innovative technologies?
DEP Response: Through the CWMP there is a push to look at innovative alternatives but
they need to be tested aapproved by DEP. Other options to explbesides conventional
sewering include: improving flushirand increasing opportunities for freshwater
attenuation further up in the watersh@tithout worsening water quality)

Verbal comments from the audiencanoted by MassDEP during theHerring River and Allen,
Wychmere, and Saquatucket Harbors TMDL Public Meeting, August 26, 2015, Harwich

Town Hall:
Audi ence member: Al dondt see any wupdates |
been asked to do all thisvkor, what i s MassDOT doing on stor
MassDEP response: ARThere iIis a separate stol
Phase |1 program. o
David Young, CDM: AHerring River gets thre:

and Saquatucket get 0.50 hgfhis is higher by 0.02 although a small difference would
mean millions of dollarsf additional treatment at the wastewater treatment plant. How are
thresholds calcul ated?0o0
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Brian Howe, S MAR&holder sigrmgRiverds:lower due to ¢hgoal to
restore eelgrass. This is one of the highest/lenient thresholds for eelgrass amongst the 70
MEP projects. The MEP looks at areas with eelgrass today in comparable estuaries to set
the threshold. When tide is in, very good, high quality wateres in from Vineyard
Sound. o
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